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1, 7Institute of Molecular and Cell Biology, Faculty of Science and Technology, University of Tartu,
23 Riia str., 51010 Tartu, Estonia
1, 2, 4Institute of Ecology and Earth Sciences, Faculty of Science and Technology, University of Tartu,
46 Vanemuise str., 51014 Tartu, Estonia
3, 8Institute of Microbiology and Biotechnology, University of Latvia, 4 Kronvalda blvd.,
LV-1586 Riga, Latvia
4, 5, 6Institute of Food Safety, Animal Health and Environment (BIOR), 3 Lejupes str.,
LV-1076 Riga, Latvia
Submitted 6 Mar. 2012; accepted 14 Aug. 2012
Abstract. Trinitrotoluene (TNT), a commonly used explosive for military and industrial applications, can cause
serious environmental pollution. 28-day laboratory pot experiment was carried out applying bioaugmentation using
laboratory selected bacterial strains as inoculum, biostimulation with molasses and cabbage leaf extract, and
phytoremediation using rye and blue fenugreek to study the effect of these treatments on TNT removal and changes
in soil microbial community responsible for contaminant degradation. Chemical analyses revealed significant
decreases in TNT concentrations, including reduction of some of the TNT to its amino derivates during the 28-day
tests. The combination of bioaugmentation-biostimulation approach coupled with rye cultivation had the most
profound effect on TNT degradation. Although plants enhanced the total microbial community abundance, blue
fenugreek cultivation did not significantly affect the TNT degradation rate. The results from molecular analyses
suggested the survival and elevation of the introduced bacterial strains throughout the experiment.
Keywords: TNT, bioaugmentation, biostimulation, phytoremediation, microbial community.
Reference to this paper should be made as follows: Nõlvak, H.; Truu, J.; Limane, B.; Truu, M.; Cepurnieks, G.;
Bartkevičs, V.; Juhanson, J.; Muter, O. 2013. Microbial community changes in TNT spiked soil bioremediation trial
using biostimulation, phytoremediation and bioaugmentation, Journal of Environmental Engineering and Landscape
Management 21(3): 153162. http://dx.doi.org/10.3846/16486897.2012.721784
Introduction
The nitroaromatic explosive, 2,4,6-trinitrotoluene (TNT),
has been extensively used for over 100 years, and this
persistent toxic organic compound has resulted in soil
contamination and environmental problems at many
former explosives and ammunition plants, as well as
military areas (Stenuit, Agathos 2010). TNT has been
reported to have mutagenic and carcinogenic potential
in studies with several organisms, including bacteria
(Lachance et al. 1999), which has led environmental
agencies to declare a high priority for its removal from
soils (van Dillewijn et al. 2007).
Both bacteria and fungi have been shown to
possess the capacity to degrade TNT (Kalderis et al.
2011). Bacteria may degrade TNT under aerobic or
anaerobic conditions directly (TNT is source of carbon
and/or nitrogen) or via co-metabolism where addi-
tional substrates are needed (Rylott et al. 2011). Fungi
degrade TNT via the actions of nonspecific extracel-
lular enzymes and for production of these enzymes
growth substrates (cellulose, lignin) are needed. Con-
trary to bioremediation technologies using bacteria or
bioaugmentation, fungal bioremediation requires
an ex situ approach instead of in situ treatment (i.e.
soil is excavated, homogenised and supplemented
with nutrients) (Baldrian 2008). This limits applicabil-
ity of bioremediation of TNT by fungi in situ at a field
scale.
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(Bochet et al. 2007; de la Riva et al. 2011), and (2) Intro-
duction of plant species by humans through revegetation 
practices such as hydroseeding or planting. The former 
leads to an over-representation of wind-dispersed plant 
species on roadslopes and those lacking specific traits for 
seed dispersal (Bochet et al. 2007), while the latter only 
includes a few cultivated species.
Disentangling the role of revegetation practices in 
activating ecological processes is critical for restoring eco-
systems damaged by road construction (Coffin 2007).
Plantings along roadsides are usually designed for or-
namental purposes, and for increasing road safety and slo-
pe stability. However, plantings might also have important 
effects on ecological processes, for example, by activating 
seed dispersal by birds and therefore enhancing the con-
nectivity of the roadsides with its surrounding landscape. 
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abstract. Plantings are commonly used in roadside reclamation for ornamental purposes and for increasing slope 
stability and road safety. However, the role of these plantings in restoring ecological processes, such as seed dispersal, 
has received little attention. We carried out a study to assess the potential role of plantings on roadside embankments 
to attract frugivorous birds and to enhance seed dispersal mediated by birds from the surrounding landscape. We 
examined: (1) bird species richness and abundance; (2) patterns of avian spatial distribution within embankments 
and (3) seed dispersal mediated by birds. Bird richness and abundance did not differ between embankments with and 
without plantings. However, birds were ot distributed randomly within embankments, with levels of species richness 
and abundance for facultative f ugivorous between 4.8–8 times hi her in areas closer to pla tings. An analysis of bird 
droppings showed that birds ly dispersed se s of the planted species since n  seeds of woody plants f om matrices 
were detected. These results suggest that plantings acted as selective bird attractors, providing food and perches for 
frugivorous species. Nevertheless, the scarcity of seed-dispersing birds in the surrounding agricultural landscape pre-
vented plantings from enhancing seed dispersal and connectivity to adjacent habitat.
Keywords: ecological connectivity, ecological memory, landscape structure, mobile links, ornamental plantings, land-
fills.
Introduction
Roadsides are a common scenario all over the world, 
in which earthwork grading and road operations large-
ly transf rm the g om rphologic, hydr logic, daphic, 
atmospheric, and biotic local conditions (Mola et  al. 
2011). In ecological terms, this environmental damage 
translates into a loss of the ecosystem storage pools of 
water, organic matter, soil banks, and biomass, among ot-
her impacts (i.e. reserves sensu Ludwig et al. 1997). Such 
environmental loss compromises ecosystem recovery and 
restoration, since these reserves are key components of 
the local ‘ecological memory’ (Bengtsson et al. 2003). As 
a consequence, vegetation re-establishment in roadsides 
does n t usu lly rely o  germination of a remnant soil 
seed bank, but on two th r main sources: (1) Natur  
immigration of propagules from the surrounding matrix 
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While the relevance of such processes is not well known, 
the potential of birds in helping to promote vegetation 
recovery has been shown in other types of degraded lands 
(Bonet 2004; Méndez et al. 2008). 
Bird dispersal is considered a major driver of plant 
community dynamics over time (Howe, Miriti 2004). 
Specifically, frugivorous birds constitute the most effecti-
ve mobile links for connecting habitats, acting as dis-
persers of seeds of fleshy fruit plants (Howe, Smallwood 
1982; Sekercioglu 2006). In fact, these mobile organisms 
can provide connectivity between isolated areas in fra-
gmented environments (Wilkinson 1997; Nathan et al. 
2008). Roadslopes usually lack an internal memory, and 
birds are considered to be the main mobile links provi-
ding an external ecological memory, acting as vectors 
for seeds and propagules from the matrix (García et al. 
2010). Thus, inclusion of plants that provide seeds for 
birds in the design of roadside restoration strategies may 
favour the integration of the damaged ecosystem with its 
surrounding matrix through flows and exchanges. These 
strategies would alleviate the deficit in bird-dispersed 
species in roadsides. Previous studies have shown that 
road infrastructures may create corridors connecting 
habitat patches (Meunier et  al. 1999; Huijser, Cleven-
ger 2006; Reijnen, Foppen 2006, Kociolek et  al. 2011) 
and may provide scavenger bird species with new food 
sources (Lambertucci et  al. 2009). However, it is not 
known whether this is the case in other guilds or trophic 
groups.
The main objective of this study is to test whether 
the standard revegetation practices on roadsides designed 
for ornamental, safety and slope stability purposes, may 
activate ecological processes such as seed dispersal. Thus, 
two ornamental plant species commonly used in roadside 
revegetation were selected to assess the effect of current 
planting practices on seed-dispersal by birds in human-
altered landscapes. We examined plantings on roadsides 
of a new-constructed motorway section to address the 
following questions: (1) Do plantings on roadslopes act as 
“attractors” for frugivorous birds? We hypothesized that 
plantings provide food, shelter, perches, roosting or ne-
sting sites for birds, as observed in other ecosystems (Holl 
et al. 2000; Wydhayagarn et al. 2009), and (2) Is there an 
active process of seed dispersal mediated by birds on ro-
adslopes? Our hypothesis was that plantings enhance bird-
dispersed seed arrival from the surrounding matrices to 
embankments.
Our ultimate aim is to stimulate reflections on effecti-
ve strategies to foster bird-mediated connectivity between 
the roadslope and its surrounding matrix, with positive 
effects on seed arrival, as reported in other settings (e.g., 
Zamora et al. 2010), to enhance restoration efforts at the 
roadside.
1. Material and methods
1.1. study area
The study was conducted on embankments along the A1 
highway, in El Molar (Madrid, central Spain; 40° 44′ N, 
3° 35′ W, 800 m asl), which was opened to traffic in June 
2009. The regional climate is continental Mediterranean, 
characterized by cold winters and dry hot summers.
Average annual rainfall is less than 500 mm. Agricul-
ture and livestock farming have generated a highly defo-
rested surrounding landscape, dominated by cereal crops, 
xerophytic grasslands and scrublands. The dominant wo-
ody species are Cytisus scoparius (L.) Link., Thymus zygis 
Loefl. ex L. and Rubus ulmifolius Schott. Small woodland 
remnants consisting of Quercus ilex subsp. ballota (Desf.) 
Samp., Fraxinus angustifolia Vahl, Juniperus oxycedrus 
subsp. badia (H.Gay) Debeaux and Pinus pinea L. are also 
sparsely scattered across the surrounding landscape.
1.2. Experimental design
Six different embankments (roadslopes constructed by 
compacting successive layers of earth) located along 5 km 
of the A1 Highway were selected. We chose top-soiled 
embankments because of their favourable conditions for 
vegetation establishment (Tormo et  al. 2007), but also 
because bird traffic kills are less likely to occur on raised 
sections of road than on flat verges or buried roadcuts 
(Clevenger et  al. 2003). Three embankments remained 
untreated as controls (C1, C2, and C3). On the other three 
embankments (P1, P2, and P3), we located experimental 
plots of 2.25 m2 with clump plantings of fleshy-fruited 
woody species (hereafter “planted islands”) every 45  m 
(Fig.  1). The total number of planted islands of woody 
species was 8, distributed among roadslopes depending on 
the embankment area, according to a stratified sampling 
scheme (Table 1).
The planted island layout consisted of one individual 
of the deciduous tree Prunus cerasifera Ehrh. var. pissardii 












P1 3 4400 220 20
P2 2 1600 160 10
P3 3 4800 160 38
C1 – 1920 120 28
C2 – 3600 180 42
C3 – 11400 340 79
Note: P1 to P3 correspond to embankments planted with woody 
species and C1 to C3 are control sites.
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(Carrière) C.K. Schneid (cherry plum) (2.75–3 m tall and 
10–12 cm diameter at breast height), surrounded by four 
individual, thorny, evergreen shrubs of the species Py-
racantha coccinea M. Roem (firethorn) (50–60 cm tall) 
(Fig. 1b). We expected these structures to be attractive to 
birds as perches, shelter and food resources. For example, 
the fleshy berries of P. coccinea have been found in the diet 
of some frugivorous birds in other Mediterranean areas 
(Debussche, Isenmann 1994). Therefore, only individual 
firethorns with ripe, conspicuous, fleshy fruits over at least 
30% of the shrub crown were selected. Fleshy-fruited in-
dividuals of P. coccinea were planted in February 2009 and 
those that died were replaced in October 2009. These two 
ornamental species were selected because they are com-
monly used in current revegetation practices. Neither of 
these two exotic, non-invasive species (Sanz-Elorza et al. 
2004) was present in the surrounding vegetation, so we 
could assume that any propagules of these species came 
from our plantings.
1.3. Bird surveys
Bird communities and their spatial distribution within ro-
adslopes were sampled by means of two methods. First, 
line transect surveys were conducted to identify species 
composition and to estimate bird densities at the roadsi-
des. We surveyed each embankment on foot along its en-
tire width in the middle of the embankment, recording all 
birds that were using the embankment. Since the distance 
from the walking line to the edge of the embankment was 
always less than 40 m (Table 1), and vegetation was mostly 
herbaceous, we assumed that virtually all birds were detec-
ted during censuses. Surveys were conducted between 8:00 
and 13:00 h, over two consecutive years every two-three 
weeks from February to April 2009 and from October 
2009 to March 2010 (eleven visits in total). In each census, 
we calculated bird species richness (number of species/ha) 
and density (number of individuals/ha), for both the who-
le set of birds and frugivorous species (birds were classi-
fied according to diet based on Cramp et al. 1977–1994; 
SEO BirdLife 2008). Second, the spatial distribution of 
birds on experimental embankments with plantings was 
estimated by point counts. Each embankment was survey-
ed for 30 minutes from a distance that was sufficiently far 
from the embankment to avoid interferences with birds 
(Verner 1985). For each bird using the embankment, we 
recorded the species identity and its spatial position (X, Y 
coordinates). We performed these counts twice per week 
between 8:00 and 13:00 h, randomizing the order of em-
bankment surveys to minimize possible time effects on 
bird activity patterns. A total of 25 point count samples 
per embankment were taken from October 2009 to mid-
March 2010. No survey was conducted in conditions of 
strong wind or rain.
1.4. seed dispersal by birds
The effectiveness of birds as seed dispersers on emban-
kments with plantings was assessed using dropping traps 
(Fujita, Koike 2009). We placed 32 traps (wooden fra-
mes of 50×50 cm with a piece of tulle) on the three em-
bankments with plantings. We placed 16 dropping traps 
within the planted islands (two per island in a diagonal 
under the cherry plum, then sampling 22% of the area of 
the 2.25 m2 experimental plots). The other 16 traps were 
placed outside the planted islands with a similar layout, 
halfway (22.5 m) between two consecutive planted islands 
(Fig. 1 b). Bird droppings from the traps were collected 
every two weeks from February 2009 to April 2009 and 
from October 2009 to March 2010. The seed content of 
Fig. 1. Maps showing the location of the control embankments (C1 to C3) and the embankments with plantings (P1 to P3) 
(a). Experimental layout showing two “planted islands” and dropping traps (b)
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the droppings was examined under low power magni-
fication (10x). All seeds were identified using an ad hoc 
catalogue of seeds collected from the embankments and 
their surrounding matrices. The viability of seeds was es-
timated by means of germination tests in peat at 15% RH 
and 22 °C, under a 12 h light photoperiod for 12 months 
(Chamorro et al. 2013). We also measured the abundance 
of plants with fleshy fruits in surrounding matrices to test 
the effect of fruit availability on frugivorous birds. We es-
tablished circular plots with a radius of 150 m located at 
the bottom and in the middle of each embankment. This 
distance is considered suitable for seed dispersal by small- 
and medium-sized birds (Jordano et al. 2007). Each circle 
surface was segmented into four cover layers by means of 
aerial photography: tree layer, shrub layer, herbaceous lay-
er, and that occupied by infrastructures. We sampled 50 
percent of the area of each of the first three layers, using 
one or two randomly distributed plots for the vegetation 
sampling. During 2009–2010 we also quantified the den-
sity of woody species providing fleshy fruits (number of 
individuals/ha) within the circles.
1.5. data analysis
Statistical differences in richness and density of birds 
between the embankments with plantings and controls 
were analysed by means of repeated measures ANOVA. 
We analysed both the whole bird community and only 
frugivorous birds. The same analysis was used to compare 
the dropping rate in the traps placed inside and outside 
the planted islands on the embankments with plantings. 
In all analyses, sampling date was treated as a repeated 
measures factor. Bird density and the dropping rate were 
logarithmically transformed. We assessed Pearson corre-
lations between the density of plants with fleshy fruits in 
the surrounding matrices and the density of birds (total 
and facultative frugivorous) on the embankments. All sta-
tistical analyses were performed with the software STA-
TISTICA 6.0 (StatSoft, Inc. 2001).
Spatial distribution of birds was analysed by two met-
hods. Due to the low number of observations, we exami-
ned the cumulative distribution pattern of the 25 censu-
ses in both methods. First, differences in the occurrence 
of birds in plots of 4x4 m inside and outside the planted 
islands were analysed using chi-square tests. Richness 
(number of bird species) and abundance (number of birds) 
inside 4x4 m plots centred in the planted islands were 
used as the observed frequencies. To obtain the expected 
frequencies associated with each planted island, we ran-
domly distributed 20 4x4 m plots per island in the corres-
ponding embankments (160 4x4 m random plots in total). 
We then used the average richness and abundance of each 
of these 20 random plots as expected frequencies associa-
ted with each island. We repeated chi-square analyses for 
both the whole set of species and only facultative frugi-
vorous. Second, we used Ripley’s K function to study the 
exact location of frugivorous birds. Point patterns of bird 
occurrence were analysed with the use of the pair-corre-
lation function g (r). The function g is the expected densi-
ty of points at a given distance divided by the intensity of 
the pattern, making it more suitable for pattern analyses 
(Stoyan, D., Stoyan H. 1994; Wiegand, Moloney 2004). We 
used a cell size of 1x1 m and the ring width was one cell 
unit. The functions were calculated to a radius of 5 m and 
a maximum value of r equal to the maximum 40 m (which 
was the maximum distance between the centre and the 
edge of the largest embankment). Monte Carlo simulation 
techniques were used to construct confidence intervals. 
Envelopes for the 95% confidence level were determined 
by the 25th-lowest and the 25th-highest value of 999 Mon-
te Carlo simulations of heterogeneous Poisson process, al-
ternative to the null model Complete Spatial Randomness 
(CSR) for point patterns in irregularly shaped areas. Un-
der conditions of CSR, when g (r) values fall between the 
envelopes, the spatial pattern is not significantly different 
from that expected by chance. When g (r) values fall out-
side the envelopes, values < 1 indicate regular distribution 
and values > 1 indicate aggregated patterns. We performed 
bivariate spatial pattern analysis, which considers both the 
pattern of the frugivorous birds at random as well as the 
position of the planted islands as a pattern of fixed points 
on the treated embankments. Ripley’s K-function analy-
ses were performed with Programita software (Wiegand, 
Moloney 2004).
2. results
2.1. seed dispersal limitation by bird availability
A total of 3746 observations of 27 bird species on the 
embankments was made using both line transects and 
point counts (Table 2). Fringillidae was the family most 
commonly observed (76% of all observations), followed 
by Motacillidae (10%) and Embericidae (7%). The most 
frequently recorded bird species were linnet (Carduelis 
cannabina), meadow pipit (Anthus pratensis L.), goldfinch 
(Carduelis carduelis L.) and Eurasian chaffinch (Fringilla 
coelebs L.). Nearly 70% of the bird species were obligate or 
facultative granivorous, representing 87% of the observa-
tions. 13.4% of the observations were of species that can 
feed on fleshy fruits, and only 5 species were facultative 
frugivorous but not granivorous, accounting for just 2% 
of the observations (Table 2).
After controlling for embankment area, no differences 
were found in species richness (S) between embankments 
with plantings (Mean ± S.E., S = 5.0 ± 0.5 species/ha per 
visit) and without them (S = 5.4 ± 3.5 species/ha per vi-
sit) (Treatment: F1, 4 = 0.05, p = 0.84; Treatment x Date: 
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F10, 40 = 0.46, p = 0.91). Likewise, bird densities (D) were no 
different in embankments with (Mean ± S.E., D = 29.4 ± 
21.5 birds/ha per visit) and without plantings (D = 47.9 ± 
49.9 birds/ha per visit), (Treatment: F1, 4 = 0.35, p = 0.59; 
Treatment x Date: F10, 40 = 0.70, p = 0.72). When conside-
ring only those bird species that can feed on fleshy fruits no 
differences were found between embankments with plan-
tings (Mean ± S.E., S = 1.16 ± 0.48 species/ha per visit; D = 
5.41 ± 6.64 birds/ha per visit) and without plantings (S = 
1.11 ± 1.11 species/ha per visit; D = 3.32 ± 4.53 birds/ha per 
visit), either in species richness or in bird density (Repeated 
measures ANOVA; p > 0.05 in both cases). 
The analyses of spatial distribution of birds within 
embankments with plantings showed a preference for plan-
ted islands. First, chi-square analyses showed a positive se-
lection for planted islands. The total observed species rich-
ness and abundance were 4.2 and 1.9 times higher inside 
than outside the islands (Richness: χ2 = 136.41, df = 7, p < 
0.001; Abundance: χ2 = 149.77, df = 7, p < 0.001). Rich-
ness and abundance of facultative frugivorous species were 
between 8 and 4.8 times higher inside the islands (Richness: 
χ2 = 108.75, df = 7, p < 0.001 (Fig. 2 a); Abundance: χ2 = 
681.83, df = 7, p < 0.001 (Fig. 2 b)). 
Second, bivariate spatial pattern analyses indicated 
that frugivorous birds aggregated at the planted islands 
(points outside of the envelopes at distances of 1 m in em-
bankments P1 and P3, Fig. 3) but showed a random distri-
bution across most of the embankment surface.
2.2. seed dispersal limitation by roadside  
resource availability
A total of 207 droppings were collected from all traps, 
with higher dropping rates found in midwinter (from De-
cember 1st to February 15th) with 52.2% of bird droppings 
(Fig. 4). There were significant differences in the dropping 
rate both among embankments and over time (Table 3), 
considering the period of arrival of wintering birds (from 
October to January) (Herrera 1995). Traps located inside 
the planted islands contained 1.7 times more feces than 
traps outside the islands. Embankment P3 contained 
between 2.4 and 2.9 times more feces than the other two 
embankments. Only 9% of feces contained seeds, of which 
30.6% germinated. The most abundant plant species in the 
feces was P. coccinea (57.9% of the seeds), followed by the 
herbaceous Solanum nigrum L. and Vicia dasycarpa Ten. 
No seeds of woody plant species from the surrounding 
matrix were found in the traps.
Rosa spp., Rubus ulmifolius Schott and Crataegus 
monogyna Jacq. were the only three species of plants with 
fleshy fruits found in the matrices samples. The average 
density of plants with fleshy fruits ranged from 12 (P1) 
to 93 (P3) individuals/ha. Only the density of facultati-
ve frugivorous birds was positively correlated with that 
Note: Bars represent standard error.
Fig. 2. Bird species richness (a) and abundance (b) outside 
and inside of planted islands for all trophic groups (Total), and 
frugivorous birds (Fr) 
Fig. 3. Bivariate Ripley’s K-function analysis of the spatial 
distribution of frugivorous birds at random and the position of 
the planted island as a pattern of fixed points for embankments 
with plantings (P1 to P3)
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Fig. 4. Temporal variation of the dropping rate (mean ± SE) in the traps located inside and outside the 
planted islands
Table 2. Bird species recorded in the embankments by two sampling methods
Scientific name Common name Family Trophic group Line transects Point counts
Total appearance 
(%)
Alectoris rufa Red-legged partridge Phasianidae Gr 8 2 0.27
Anthus pratensis Meadow pipit Motacillidae Gr-In 200 118 8.49
Bubulcus ibis Cattle egret Ardeidae In 1 10 0.29
Carduelis cannabina Linnet Fringillidae Gr-In 612 131 19.83
Carduelis carduelis Goldfinch Fringillidae Gr 186 740 24.72
Carduelis chloris Greenfinch Fringillidae Gr-In 3 0 0.08
Columba palumbus Common woodpigeon Columbidae Gr 0 16 0.43
Emberiza cia Rock bunting Emberizidae Gr-In 10 4 0.37
Emberiza cirlus Cirl bunting Emberizidae Gr-In 4 0 0.11
Erithacus rubecula Robin Turdidae In-Fr 0 6 0.16
Fringilla coelebs Eurasian Chaffinch Fringillidae Gr-In-Fr 121 234 9.48
Galerida cristata Crested lark Alaudidae Gr-In 25 19 1.17
Lanius meridionalis Woodchat shrike Laniidae In-Ca 0 1 0.03
Miliaria calandra Corn bunting Emberizidae Gr-In 93 138 6.17
Motacilla alba White wagtail Motacillidae In 20 31 1.36
Parus caeruleus Blue tit Paridae Gr-In-Fr 0 1 0.03
Parus major Great tit Paridae In-Fr 0 4 0.11
Passer domesticus House sparrow Passeridae Om 13 5 0.48
Passer montanus Eurasian tree sparrow Passeridae Om 4 0 0.11
Phoenicurus ochruros Black redstart Turdidae Gr-In-Fr 3 28 0.83
Phylloscopus collybita Common chiffchaff Sylviidae In-Fr 9 54 1.68
Pica pica Common magpie Corvidae Om 11 8 0.51
Saxicola torquata Common stonechat Turdidae Gr-In-Fr 13 26 1.04
Serinus serinus Serin Fringillidae Gr-In 129 83 5.66
Sturnus unicolor Spotless starling Sturnidae Gr-In-Fr 0 1 0.03
Sylvia atricapilla Blackcap Sylviidae In-Fr 0 2 0.05
Sylvia melanocephala Sardinian warbler Sylviidae In-Fr 0 1 0.03
Troglodytes troglodytes Winter wren Troglodytidae In 1 0 0.03
Not identified – Fringilidae - 0 610 16.28
Not identified – - - 0 7 0.19
Note: line transects (n = 1466 observations) and point counts (n = 2280). The trophic group is indicated for each species: granivorous 
(Gr), insectivorous (In), frugivorous (Fr), carnivores (Ca) and omnivores (Om) according to Cramp et al. 1977–1994; SEO BirdLife 
2008. The number of individuals detected per species is shown for each sampling method. The percentage of bird appearance was 
calculated across the two sampling methods.
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of woody plants with fleshy fruits (r = 0.976, p < 0.001, 
n = 6). Embankment P3 presented the highest density of 
both facultative frugivorous birds and plants with fleshy 
fruits in its immediate vicinity. On the contrary, emban-
kment P1 had the lowest values for both variables.
Table 3. Repeated measures ANOVAs considering the effect of 
site (embankment) and trap location (inside/outside island) on 
dropping rate with time as repeated factor
 
 
February 09–April 10 October 09–January 10
df F p df F p
Embankment 2 5.95 0.007 2 13.57 <0.001
Inside/Out-




2 0.09 0.913 2 0.14 0.871
Time 16 5.91 <0.001 7 3.51 <0.001
Time x Em-









32 1.76 0.007 14 2.15 0.011
Note: the analysis was performed over the whole sampling period 
(17 surveys: from February 2009 to April 2010) and the most 
active period for birds (8 surveys: from October 2009 to January 
2010; see also Fig. 4).
3. discussion 
In ecological restoration, local actions such as plantings, 
are expected to deliver outcomes at larger scales, for ins-
tance, development of dispersal linkages (see for instance 
Wydhayagarn et al. 2009; Rey Benayas et al. 2008). Howe-
ver, most restoration actions in roadslopes are designed 
either for ornamental purposes, increasing safety or re-
ducing slope instability, without taking into account their 
potential effect to restore ecological processes. Our results 
show that plantings designed specifically as bird attractors 
implemented in roadside revegetation are successful in 
attracting bird but fail to consistently foster bird-media-
ted seed dispersal from the agricultural and peri-urban 
surrounding matrices. This failure is not due to a low bird 
density at the roadside but rather to an avian community 
shaped by the history and structure of the surrounding 
landscape.
3.1. seed dispersal limitation by bird availability
Despite being a human-altered habitat, we find high 
bird densities in the embankments. High abundances 
in agricultural landscapes are often found in strip-co-
ver habitats such as railways or roadsides in winter (Best 
et al. 1995; Delgado, Moreira 2000). During this season, 
many bird species aggregate in flocks due to less selecti-
ve habitat use or higher avian sociality (Morse 1982; 
Wiens 1989). The roadsides mainly include grasses and 
other herbaceous species, which are not usually mowed 
in winter. Granivorous birds may find suitable habitats 
in the roadsides during winter, when the availability of 
food (seeds, insects, plants, etc.) and shelter is very low 
in most agricultural stands in the surrounding area. Ho-
wever, these high densities in roadsides are paralleled 
by relatively low species richness, which is consistent 
with previous reports on road effects on bird commu-
nity composition through habitat loss (Laurance 2004), 
traffic noise disturbance (Bautista et al. 2004), predation 
(Bergin et al. 2000), or collisions with vehicles (Erickson 
et al. 2005). Nevertheless, for our case, the dominance of 
granivorous can better explain the high density of birds 
but the low richness of species.
The avian community of the study embankments is 
dominated by granivorous species, in consonance with 
the surrounding agricultural landscape. Granivorous 
species sporadically use planted stands of woody plants, 
apart from not being efficient seed dispersers. Thus, the 
exozoochorous contribution of this type of birds appe-
ars to be bound to particular environmental conditions 
(Twigg et  al. 2009). Conversely, the low abundance of 
frugivorous birds find in the embankments is not related 
to bird density, which was ten times higher if conside-
ring all birds present at the roadside than what had been 
reported for the surrounding area (Carrascal et al. 2002) 
and for similar scenarios (Díaz, Tellería 1994). Conside-
ring that the abundance of frugivorous birds is a good 
predictor for seed dispersal capacity in human-altered 
landscapes (García et al. 2010), the low number of fru-
givorous birds found in our study severely hampers the 
potential seed dispersal.
3.2. seed dispersal limitation by roadside resource 
availability
Woody islands act as selective attractors for birds and 
several frugivorous species use the planted stands as food 
resources and perches. Consumption of fleshy fruits is 
evidenced by the presence of viable seeds from the plan-
ted P. coccinea shrubs in bird feces. The highest values of 
bird droppings were found between October and Janu-
ary, when the influx of winter migrants in the Mediter-
ranean region is higher (Herrera 1995). These findings 
support the potential role of plantings in activating or 
facilitating ecological processes such as seed dispersal. 
In fact, persistence or establishment of islands of woody 
vegetation in extensive agricultural landscapes has often 
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been recommended with regard to fostering biota res-
toration to respond to land use changes (Rey Benayas 
et al. 2008; Herrera, García 2009; Manning et al. 2009). 
Furthermore, previous reports have suggested that bird 
perching may even offset frugivorous bird scarcity in 
human-altered environments (Herrera, García 2009). 
Recent studies revealed that in agricultural landscapes, 
isolated trees are able to disperse to nearby roadside en-
vironments via frugivore activity (Coulson et al. 2014). 
In the present study, the attraction of frugivorous birds 
by plantings was highly skewed among roadslopes. This 
site (embankment) dependency is linked to the high 
correlation observed between the density of frugivorous 
birds at the roadside and the density of fleshy-fruited pl-
ants in the surrounding matrix. Nevertheless, these re-
sults should be regarded with caution due to the small 
sample size. More years of monitoring may be required 
due to the time needed by birds to gather new resources. 
We surmise that a mismatch between the local reve-
getation actions and the landscape structure of the matrix 
may explain why the seeds from the fleshy-fruited species 
(Rosa spp., Rubus ulmifolius, or Crataegus monogyna) in 
the adjacent matrices never reached the planted stands. In 
practical terms, the connection of the planted stands would 
have required restoration action in the surrounding matrix, 
such as the establishment of stepping-stone corridors (sensu 
Gillies, St. Clair 2010), through planting of clumps of fleshy-
fruited shrubs to channel movements of seed-dispersing 
birds. In summary, current landscape heterogeneity provi-
des the structural frame into which disturbed sites, such as 
roadslopes, should be ‘plugged’ in order to restore ecologi-
cal connectivity within the ecosystem mosaic.
conclusions 
1. Plantings of ornamental woody species with fleshy 
fruits acted as selective attractors for frugivorous birds 
on embankments. These experimental woody islands 
provided perches and food to some bird species. These 
results suggest that revegetation practices can be desi-
gned to restore ecological processes, not just for slope 
stability and ornamental purposes.
2. Effective seed dispersal by birds was not detected proba-
bly because the low abundance of frugivorous birds (the 
bird community in the area was dominated by granivo-
rous species, as a result of a long history of urbanization 
and agricultural land use). 
3. Local revegetation practices must consider the surroun-
ding landscape. The lack of awareness of the surroun-
ding landscape structure may jeopardize the success of 
ecological restoration actions at the roadside.
4. Our findings support top-down approaches to design 
restoration actions that first consider broad-scale drivers 
and then restoration protocols and local actions.
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